Using a variation of the Nelson-Siegel term structure model we examine the sensitivity of real estate securities in six key global markets to unexpected changes in the level, slope and curvature of the yield curve. Our results confirm the time-sensitive nature of the exposure and sensitivity to interest rates and highlight the importance of considering the entire term structure of interest rates. One issue that is of particular of interest is that despite the 2007-09 financial crisis the importance of unanticipated interest rate risk weakens post 2003. Although we examine a range of markets the empirical analysis is unable to provide definitive evidence as to whether REIT and property-company markets display heightened or reduced exposure.
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Introduction
The events of the last decade have brought into sharp focus the importance of the credit markets and how interest rate dynamics can feed through and impact asset classes such as equities. In a general context, Bernanke and Kuttner (2005) argue that changes in interest rates can affect stock prices in three primary ways, namely the impact on expected future dividends, changes in the discount rate and changes in the equity risk premium. Much of the early literature examined the overall equity market, or if sector specific tended to concentrate on financial institutions (e.g., Chance and Lane 1980; Flannery and James 1984; Bae 1990; Madura and Zarruk 1995; Elyasiani and Mansur 1998) . However, in recent years an increasing number of papers have specifically considered and analysed publicly listed real estate securities such as REITs (Real Estate Investment Trusts). The corporate structure of public real estate firms, together with their underlying portfolios of real assets, provides an ideal forum to consider the sensitivity of asset prices to changes in interest rates. This is due to the multiple channels through which changes in interest rates can impact the operating, financial and share price performance of the firms.
As a real asset, property is affected by the performance of the underlying economy. Given the key macroeconomic role that interest rates have (Bernanke and Blinder 1992) , changes in rates may, if of sufficient magnitude, have direct consequences on the operating performance and cash flows of the firms. This may arise through the impact on occupational demand and all of the related issues that accompany this, such as rental growth, occupancy and vacancy rates, and thus the overall income of the firms. Conceptual and theoretical work, such as that of DiPasquale and Wheaton (1992) and Fisher (1992) illustrate the inter-linkages between economic activity and the direct real estate market. Papers such as Ling and Naranjo (1997) , and numerous papers subsequently, have empirically demonstrated that interest rates may represent a systematic risk factor for real estate. Furthermore, interest rate risk can also be transmitted via the yields used to capitalise the income flows from the properties underlying the firms (Lizieri and Satchell 1997) . 1 1 Plazzi et al. (2008) examines the dispersion across commercial real estate returns, finding that risk changes can be explained by short-term interest rates and a variable measuring the term-spread.
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There are further reasons why real estate firms may respond differently to changes in monetary policy compared to companies in other industries. One source of interest rate exposure lies with the high degree of debt financing generally used in the real estate market (Bredin et al. 2007 ). This is true not only for property companies but also for tax transparent vehicles such as REITs. Despite their tax efficiency REITs often continue to employ substantial amounts of debt due to being small firms, having higher costs of equity, for growth and expansion purposes and for the opportunities debt provides to participate in large scale projects (e.g., Jaffe 1991; Chan et al. 2003; Ooi et al. 2010 ). Accordingly, due to their extensive use of debt, unexpected interest rate fluctuations will affect the firms cost of finance and market values. In addition, the use of leverage alters a company's cost-of-capital and therefore can affect the future availability of external debt facilities. Subsequent interest rate changes and the interactions between firms' investment and financing activities may therefore be reflected in a company's share price (Bernanke and Gertler 1995) . Another reason for the potentially heightened exposure of real estate stocks to interest rates is specific to the REIT sector and is concerned with the minimum mandatory dividend payment. Given the high-yield status of REITs the impact of interest rate fluctuations on the present value of dividends is likely to be greater in a REIT context (Bernanke and Kuttner 2005) .
Given the importance of interest rates, in both the specific context of public real estate and in the broader setting of the underlying direct real estate market, this paper empirically address the sensitivity of the public real estate markets to interest rate risk and specifically which interest rate factors are the most significant in terms of both returns and volatility. We adopt a framework that captures the dynamics of the entire term structure with three latent factors, namely level, slope, and curvature. The results show the significance of both short and long-term interest rates factors in explaining the returns of public real estate. Not only the yield curve parameters are significant in explaining returns, but in addition, volatility is strongly and negatively affected by changes in the yield curve factors. Although the results vary across markets and over time, they highlight the importance of considering interest rate risk using the entire term structure rather than concentrating on a single maturity.
The study differs from the previous literature in a number of respects. Firstly, unlike previous contributions to the literature we do not limit our analysis to consider the sensitivity to fluctuations in a single interest rate factor. Rather, we use a dynamic version of the Nelson-Siegel model which captures the dynamics of the entire term structure of interest rates with three latent factors representing the level, slope, and curvature of the yield curve. Interest rate 3 changes of different maturities are not independent due to the policy transmission mechanism from short to longterm rates. Not only do previous studies suffer from the limitation that interest rate proxies cannot be simultaneously incorporated in a single model, but also the rationale behind the selection of a specific proxy is often of an arbitrary nature. However, Diebold et al. (2005) argue that information on a set of interest rates can be summarised in a small number of systematic risk factors. This approach is superior to using the term spread as it allows non-parallel shifts to be captured. Our study also extends previous contributions by considering the sensitivity of public real estate to unexpected interest rate movements. Previous studies in both the general finance and real estate specific literature have largely considered actual changes in interest rates. Studies such as Bredin et al. (2007 Bredin et al. ( , 2011 and Xu and Yang (2011) have, however, illustrated the importance of considering unexpected changes in both interest rates and monetary policy. Finally, the paper extends a predominantly U.S. focused literature to examine six key global markets, namely Australia, Hong Kong, Japan, Singapore, the U.K. and the U.S. These markets account for approximately 80% of investable public real estate in terms of market capitalisation and volume traded (Psaltis and Chubb 2008) . This sample also has the advantage in that it incorporates a mixture of regulatory structures. Two of the markets (Australia, U.S.) operate under a REIT regime throughout the entire sample period. The remaining markets have introduced a REIT structure during the time period considered in the study. However, the relative importance of REITs versus conventional property companies differs. For example, in Hong Kong the majority of firms, including the largest, have retained a corporate structure. In contrast, in the U.K. the majority of the large cap property companies converted to REIT status. It will therefore be of interest to see whether there are discernible differences in the empirical findings across the markets.
The remainder of the paper is structured as follows. The next section discusses some of the pertinent literature and in doing so presents the core underlying hypotheses to be considered in the paper. Following the literature review, we detail the data and present the adopted methodological framework. The main empirical results and a number of robustness tests are then discussed, prior to providing concluding comments and observations.
Related Literature and Hypothesis Development
As noted in the introduction, there have been an increasing number of papers over the course of the last decade to have examined the sensitivity of public real estate to interest rates. Although the exact methodological framework 4 has differed there are some commonalities in the empirical results reported. A number of papers have reported that REITs are predominantly exposed to longer-term rates, for example Devaney (2001) finds heightened sensitivity to 10-year government bond yields. Similar findings are also reported by Chen and Tzang (1988) and He et al. (2003) .
However, He et al. (2003) emphasise that their conclusions may be biased by the interest rate proxy chosen. Against this background, Allen et al. (2000) report significant sensitivity of REITs to both short and long-term government bonds, as well as the stock market. They further argue that firms can adjust their exposure to the market by changing financial leverage, but not the exposure to interest rates. In a similar vein, Stevenson et al. (2007) use interest rate proxies of three maturities, namely the 1-month interbank rate and the 10 and 15-year government bond yields.
Their analysis of U.K. property companies is conducted for a period characterised by historically low and stable interest rates, yet the authors report significant results for all of the proxies examined, although the coefficient on the short-term rate is of the unexpected positive sign. Broadly, these findings are consistent with Lizieri and Satchell (1997) who estimated the response of U.K. property stocks under two distinct regimes, finding that firms were particularly sensitive during the low interest rate period. In contrast, during the high interest rate regime property companies experienced sharp falls in value, felt to reflect increased uncertainty. This time-varying nature of the sensitivity to interest rates is also found in a number of studies that have adopted a GARCH (Generalised Autoregressive Conditional Heteroskedasticity) framework to consider the impact on returns and volatility (Devaney 2001; Stevenson et al. 2007) . Furthermore, Liow et al. (2003) , in their analysis of the Singaporean market, identify a systematic relationship with interest rate risk but note that the pricing of that risk is subject to market conditions. In addition to the aforementioned studies there is also a strand of the literature that has adopted a different methodological approach, one that comes from an asset pricing-factor model framework. Liang et al. (1995) , for example, estimate a two-factor model that includes an interest rate variable and the overall stock market. They observe only weak sensitivity to government bond returns of different maturities. Studies such as Glascock et al. (2000) have observed a reduced sensitivity of U.S. Equity REITs to government bonds during what is often referred to as the "modern REIT era". Based on cointegration tests, the paper reports significant common long-term trends between REITs and bond returns over the full sample horizon, a result which does not however hold post-1992. In this respect papers such as Glascock et al. (2000) , Swanson et al. (2002) and Cheong et al. (2009) all argue that structural shifts in the interest rate sensitivity of REITs have occurred at various points in time. Nonetheless, the two latter papers find that these shifts do not affect REIT's interest rate sensitivity generally and both document the 5 economic significance of interest rates. It is however imperative that a distinction is made between papers such as Glascock et al. (2000) and Cheong et al. (2009) who analyse fixed income index data and studies such as Devaney (2001), He et al. (2003) and Stevenson et al. (2007) that base their analysis on either market interest rates or bond yields.
While the aforementioned studies provide valuable insights into the interest rate exposure of public real estate, they also frequently provide conflicting results due to the inconsistent choice of interest rate proxy. Not only is the rationale behind the selection of a specific proxy often of an arbitrary nature, but previous studies suffer from the limitation that interest rate proxies cannot be simultaneously incorporated in a single model. Furthermore, interest rate changes of different maturities are not independent due to the policy transmission mechanism from short to long-term rates. Papers such as Swanson et al. (2002) and He et al. (2003) incorporate a term-spread variable into their analysis. Used as a proxy for changes in the term structure, the variable is defined as the spread between long and short term interest rates. Whilst it does capture some elements of the yield curve, it does not necessarily reflect some important features of the term structure that can commonly occur. In particular, such a measure does not capture changes in the shape of the yield curve (e.g., S-type or humped shape) and other non-parallel shifts. Diebold et al. (2005) argue that information concerning bond pricing is concentrated in a small number of systematic risk factors, which itself implies a high correlation between interest rates of different maturities. 2 A possible solution is found in the yield curve literature. Nelson and Siegel (1987) suggest an exponential components model where a large range of interest rates can be described through just three factors. In this paper, we use the dynamic version of Nelson-Siegel model, as proposed by Diebold and Li (2006) : (1) 2 Litterman and Sheinkman (1991) show that information about of large set of interest rates can be summarized using a small number of common factors. Based on a Principal Components framework, the authors identify these factors as the term structure level, steepness, and curvature. 6 where ) ( y t  is the yield of a zero-coupon bond, with time-to-maturity τ at t.  is driven by the exponential function, starting at 1 and decreasing monotonically to zero with increasing maturity. Therefore, the slope parameter may be seen as a short-term factor, and hence an increase in this factor would amplify short-rates more than long-term ones. In mathematical terms, given
, it is easy to see that Since the value of any stock, including REITs and property companies, can be considered as being the present value of future cash-flows, a downward shift in the term structure of interest rates, as captured by our level factor, should lead to higher prices. We would also expect an inverse relationship between the slope, our proxy for short-term interest rates, and prices. Consistent with the ideas of Mishkin (1996) and Reinhart and Simin (1997) , short-term rates will be heavily influenced by Central Banks through inflation targets and the setting of prime/base rates.
Existing empirical evidence, that has documented an inverse relationship with interest rates of maturities ranging from 1 month to 20 years, would support this premise (e.g., Chen and Tzang 1988; Devaney 2001; Swanson et al. 2002; Stevenson et al. 2007 ). However, none of these studies consider a range of interest rates jointly. Therefore, using the factors we extract from the dynamic Nelson-Siegel model, we test the following hypothesis:
There is an inverse relationship between public real estate returns and the changes in level, slope and curvature of the yield curve.
One of the key features that differentiates REITs from both property companies specifically and stocks generally is the minimum mandatory dividend payment that is required in most jurisdictions. As previously noted, this high yield nature would be expected to make REITs more sensitive to interest rates in the context of discounting future expected dividends (Bernanke and Kuttner 2005) . Furthermore, high dividends and the coupon-like nature of the underlying rental income have been frequently identified as key reasons why REITs are felt to share some characteristics with fixed-income securities (Cheong et al. 2009 ). Given these issues we therefore anticipate a more pronounced reaction to changes in interest rates in markets where a REIT regime was in place throughout the sample period. Hence, we consider the following hypothesis:
H 2 : REIT shareholders should receive higher compensation for interest rate exposure than both property specific and general stock market holders.
The results will allow us to consider which markets are more consistently exposed to interest rate risk. We also can examine whether countries with established REIT markets are exposed to fluctuations in interest rates to a greater and more consistent degree.
Data, model design and descriptive statistics
Interest Rate Data and Transformations
As discussed in the previous section, one of the key objectives of the current paper is to examine the relationship between the yield curve and public real estate. Diebold and Li (2006) propose a variation of the Nelson and Siegel (1987) parametric approach to modelling the yield curve. To estimate our interest rate risk factors (level, slope and 8 curvature), we obtain from Bloomberg a series of estimated sovereign bond zero-coupon yields for twelve different maturities (3, 6, 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 240, 360 months Figure 1 demonstrates how the factor loadings in the model can be affected by the choice of λ.
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INSERT FIGURE 1 well-priced (liquid) bonds with similar characteristics such as issuer, creditworthiness, and embedded options. Our sample utilises government issued securities which are option-free. The model also excludes same sector bonds with significantly higher or lower z-spreads. Therefore, concerns regarding thin trading are minimized for our sample.
4 It should be noted that the variation of the Nelson-Siegel model used in this study assumes a constant λ parameter across time. Our approach closely follows the intuition of Diebold and Li (2006) , where λ is set to be linked to the 9 parameter corresponds to the maturity at which the curvature, or medium-term factor, is maximised, we test the medium-term maturities within the range we have available. The model with the highest goodness-of-fit is then selected. For Japan, Singapore, the U.K. and the U.S. the best fit is found with λ=0.0374, which is equivalent to the curvature factor being maximised at 48 months. For Hong Kong the λ figure is 0.0747, which corresponds to 24 months. Only in the case of Australia do we obtain a λ parameter equal to that used in the Diebold and Li (2006) paper. This not only supports the arguments of Yu and Salyards (2009), but also justifies our decision to estimate λ for each country individually. 5
In Figure 2 , we plot the yield curve for randomly selected dates from the U.K. sample. The graph illustrates the ability of the model to fit different shapes of the yield curve. The best fit is found in the 'normal' shape yield curve, with the R 2 being 0.99 and the fitted line being almost indistinguishable from the original. A more modest fit is noticeable in humped, S-type and inverse yield curves. Overall we find that on average, based upon the reported R 2 figures, the Nelson-Siegel model explains 90% for each country in our sample. However, whilst the R 2 does vary for the U.K. and U.S., it remains consistent throughout in the case of Japan. The rationale behind the examination of unexpected changes is twofold. The first issue is based on the fact that if nominal changes in rates are examined the analysis effectively revolves around inflation expectations given that the volatility of real interest rates is relatively small (Fama 1975; Nelson and Schwert 1977) . This argument is reflected in previous studies where researchers have employed a myriad of different expectation generating processes to extract interest rate 'innovations' (Bae 1990; Madura and Zarruk 1995) . Secondly, studies in the mainstream literature such as Bernanke and Kuttner (2005) have highlighted the importance of adjusting for expectations when considering interest rates and monetary shocks. These findings have also been supported in the context of both the U.S. REIT sector (Bredin et al. 2007 (Bredin et al. , 2011 and global real estate markets (Xu and Yang 2011) We estimate the unexpected changes in the yield curve factors using an Autoregressive Moving Average (ARMA) model. We model the unanticipated changes in the term structure factors as the difference between the actual changes in the respective factor at time t and ones forecasted via an appropriate ARMA(p,q) model:
where
are the unexpected changes in level, slope and curvature of the yield curve. The use of only one expectation generating process is supported by the findings of Bae (1990) who, using three alternative models to form expectations, finds identical results regardless of the model employed. 6 The appropriate order of the autoregressive and moving average parameters used range from 0 to 5, depending on the variables and markets considered.
One further adjustment is made to the interest rate data. In order to assess the individual impact of each factor on returns we use an orthogonalisation procedure similar to that adopted by Czaja et al. (2009) 
C ranked second and third in importance respectively:
We therefore orthogonalise the slope factor with respect to the level, whilst also orthogonalising the curvature with respect to both yield curve level and slope. The orthogonalised series  
are then used as the exogenous variables in the empirical framework detailed in the model design section below.
Public Real Estate, Stock Market and Other Control Variable Data
Our analysis is based on six of the largest public real estate markets in terms of market capitalisation and trading volume, namely Australia, Hong Kong, Japan, Singapore, the U.K. and U.S. The sample data is weekly in frequency and covers the period January 1995 to December 2012. Public real estate indices used are collected from the FTSE 6 See also Dinenis and Staikouras (1998) who consider five alternative models to estimate unexpected interest rate changes.
EPRA/NAREIT database. 7 Apart from the U.S. and Australia, the indices used are not solely comprised of REITs. respectively.
As well as the date at which REITs were introduced there are also differences across the six markets in terms of the amount of leverage REITs take on, as Figure 4 illustrates. In addition, the specific REIT regulations vary across the six markets. Whilst the majority do have some limit on the amount of debt a REIT can employ, there are no such restrictions in either Australia or the U.S. However, as can be seen from Figure 4 , firms in those markets have lower leverage, on average, than in some countries with a set limit. In addition, the form of any restriction varies. Whilst U.K. firms are restricted on a cash flow basis by a minimum Debt Service Coverage Ratio of 1.25, in other markets limits are based on balance sheet data. For example, gearing is limited in Singapore to a maximum of 35% of total capital. 8
Throughout the analysis we employ broad equity market indices as control variables. The indices used are the most common equity market benchmarks in each country, namely ASX200 (Australia), Hang-Seng (Hong Kong), Nikkei 225 (Japan), Straits Times (Singapore), FTSE-100 (U.K.), and the S&P500 (U.S.). The summary statistics for the public real estate and equity markets, together with the interest rate factors are reported in Table 2 . Public real estate delivered a better return performance over the period of study, while exhibiting higher volatility. A lack of normality is a common feature in financial time-series and we observe it for almost every variable of interest. In particular, The methodological design we adopt in this paper is based upon the GARCH specification first adopted in the context of interest rate sensitivity by Elyasiani and Mansur (1998) and subsequently used in REIT/public real estate specific papers such as Devaney (2001) i . The GARCH(1,1) model can be described as follows:
r is the domestic equity index returns,
represent the set of unexpected Nelson-Siegel factors.
z is a sequence of independent, identically distributed random variables with zero mean and unit variance,
 represent the exposure of the real estate sector to interest rate risk. The coefficients are estimated using a quasi-maximum likelihood procedure with the normal likelihood function and robust standard errors as suggested by Bollerslev and Wooldridge (1992). 14 The general GARCH framework also allows us to examine the impact of exogenous variables on the total risk of real estate firms, as measured by the conditional variance. We therefore extend the model (7)-(9) using two alternative conditional volatility specifications with respect to interest rate variables. The first specification uses unexpected changes in interest rates (Glosten et al. 1993) . The second uses the conditional volatility of the interest rate series (Elyasiani and Mansur 1998; Stevenson et al. 2007 ):
Overall, the model offers the opportunity to examine a number of hypotheses regarding public real estate returns and volatility behaviour. Firstly, Equation (7) includes three interest rate proxies, namely the level, slope and curvature.
Using a simple Wald coefficient restriction test we examine whether returns are sensitive to all three yield curve factors jointly (i.e., 
Empirical Results
Public Real Estate and Interest Rate Risk
We initially estimate the four-factor GARCH model, as specified in Equations (7)- (9) for each market, with the results reported in Table 3 . We run the empirical tests using two equal sub-samples, with a mid-point of year-end 2002, in addition to the overall sample period. For the full period of study, we find that the level (the long-term interest rate proxy) significantly influences public real estate in both Australia and Singapore, whilst Hong Kong and the U.S. are significantly sensitive to the slope factor. In all cases the significant coefficients are of the anticipated (negative) sign. Our results are consistent with previous REIT papers (Allen et al. 2000; Devaney 2001) , that report 15 significant exposure to both short and long-term interest rates. However, none of the analysed markets are significantly exposed to movements in the curvature factor, which is the medium-term interest rates proxy.
One finding that is of particular interest is that Japan exhibits positive sensitivity to the slope factor over both the entire sample period and in the first sub-sample, implying that Japanese real estate stocks increase (decrease) in value following an increase (decrease) in the short-term interest rate. Such findings may, at least in part, be related to the prolonged period of economic stagnation and near-zero interest rate policy adopted in Japan during the years we analyse. Therefore, an increase in interest rates may have acted as a positive signal to the market if it was associated with improved expectations regarding economic conditions.
INSERT TABLE 3
Another finding that is quite noticeable is that the results across the two sub-samples differ quite substantially.
Indeed, the Australian REIT market is the only one to be consistently affected by the changes in the yield curve level at a statistically significant level. Australia is also the only market to report joint significance of the three yield curve factors across the different sample periods. We however, find that the U.S. is sensitive to all three factors in the second subsample. In contrast, the previously reported exposure of the Hong Kong market to the changes in the slope factor is driven by the former sub-period. Consistent with Devaney (2001) and Stevenson et al. (2007) we confirm the time-varying nature of the interest rate sensitivity reported. While most previous studies in the area looked at individual markets and a single interest rate proxy, we find that often interest rate sensitivity may occur in some markets (i.e. the U.S. and the U.K.) and disappear in the others (i.e. Singapore, Japan and Hong Kong). It should be noted that our methodological framework effectively considers the excess interest rate exposure of public real estate, over and above the general equity market. Therefore, the results do not unequivocally imply that the public real estate sectors in Hong Kong, Japan, and Singapore display no exposure to interest rate movements in the property company returns and short-term interest rates and a significant inverse relationship with long-term rates. In the U.S. the impact of long-term rates was previously noted by Devaney (2001) for Equity REITs. Overall, our findings suggest that interest rates exposure should be modelled beyond a single interest rate factor, and the factors from the Nelson-Siegel yield curve model are good candidates for such task. Additionally, the results are consistent with the general theoretical formulation of the relationship between stocks/REITs and interest rates. However, it would be hard to describe the results as homogeneous, which is not surprising given the structural and legal differences across the international markets considered.
To fully consider the impact of interest rates on the volatility of public real estate we test the two augmented GARCH specifications detailed in Equations (10a) and (10b). These specifications augment the base model with firstly the one-period lagged unexpected change in the level, slope and curvature factors and secondly their respective one-period lagged conditional volatilities. 9 The results are reported in Table 4 and it is evident that volatility is strongly and, in the main, negatively affected by changes in the yield curve factors in Australia, U.K. and U.S. This would suggest that unanticipated changes in the yield curve factors translate into lower volatility of real estate returns in the subsequent period. Effectively, there is less volatility clustering since the markets adjust their expectations more efficiently using information from the money markets. Contrary to the results from the mean equation (Table 3) , the curvature factor is found to be consistently relevant in explaining volatility behaviour in the U.K. and the U.S. This may be due to the use of derivatives to hedge interest rate exposure. Horng and Wei (1999) argue that interest rate hedging is the primary reason for REITs employing derivatives. This is possibly due to 9 For the sake of brevity, we do not report the results for the mean equation from the augmented volatility GARCH models. The results are very similar to those obtained with the base four-factor GARCH model reported in Table 3 and previously discussed. The complete results are available from the authors on request.
REITs having no incentive to use derivatives for tax purposes. However, the evidence would appear to indicate that the use of derivatives for hedging purposes is in reality relatively limited.
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With the exception of Singapore, we observe that the impact on volatility shifts from short-term rates to long-term rates and vice versa. This implies that information about the yield curve factor changes is an important determinant of volatility. Moreover, the impact may be hard to capture using conventional 'single' maturity models as the relationship is time-varying. Therefore, we test whether our interest rate proxies, and their conditional volatilities, have a significant joint effect on volatility. Wald test results on the joint significance of the yield curve factors are significant. We also find that real estate firms in all six markets are affected directly by the factors' changes rather than their volatilities.
Asymmetric Responses to Changes in the Yield Curve
Given that our initial findings do indicate a degree of time-variation we expand the analysis to consider whether there are possible asymmetries present in how returns respond to the yield curve factors. Based upon the analysis contained in papers such as Bernanke and Kuttner (2005) , Bredin et al. (2007) and Xu and Yang (2011) we conduct two alternative tests, which consider whether the sensitivity observed is dependent on firstly the sign and secondly the size of the unexpected change in the yield curve factors.
For the first test, considering the sign of the unanticipated change, we construct two dummy variables for each yield curve factor as follows: variables
D take the value of 1 if there is a positive change in the level, slope or curvature respectively and 0 otherwise; variables
D take the value of 1 if there is a negative change in the respective yield curve factors and 0 otherwise. Therefore, we test the following specification 10 :
10 The use of sign dummies in interaction with the yield curve factors resolves the multicollinearity problem commonly associated with the use of dummy variables.
The estimation results from Equation (11) are reported in Table 5 . Overall, the evidence with respect to asymmetry is strongest in Australia and the U.S., with evidence indicating a significant reaction to all three yield curve factors.
We find that U.S. REITs and the Hong Kong sector both react negatively to unexpected increases in the slope of the yield curve, which is associated with short-term rates. We find that positive changes in the slope factor, which would imply a contractionary monetary policy, drive prices downwards. Therefore, our initial multifactor model results for U.S. REITs, as reported in Table 3 , are likely to be driven by the flatter slope of the yield curve, while the steeper slope, as an indication of economic expansion, has little effect on REIT returns. In Australia and Japan we find the opposite effect for positive slope changes. Returns in Australia also react negatively to increases in the level, consistent with the initial results for Australia and the view that they are driven by unexpected increases in short and long-term rates rather than reductions.
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The second test considers whether the size of unexpected changes in the yield curve factors affects the interest rate sensitivity observed. Xu and Yang (2011) 
The results are reported in Table 6 and reveal an interesting difference between the response in returns and volatility.
It can be seen that volatility is particularly sensitive to small changes in the yield curve factors, with significant results reported for Australia (slope and curvature), U.K. (slope and curvature), Hong Kong (level), and Singapore (slope). In contrast, returns are primarily affected by the magnitude of the change in the yield curve factors. In particular, large unexpected changes in the level are inversely related to returns in Australia and Singapore.
Furthermore, large unexpected changes in the slope affect Hong Kong, Singapore and the U.S. Our results are consistent with those reported by Xu and Yang (2011) who find that international public real estate markets returns are mostly exposed to large changes in monetary policy. When we consider the Wald tests, the estimates for the large unexpected changes in the level and the slope of the yield curve are significantly different from the coefficients relating to small changes. Finally, it is of interest that in contrast to the base linear model, reported in Table 3 , we do in this instance report statistically significant interest rate exposure in the case of Singapore. The original specification failed to detect any significant interest rate sensitivity.
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Robustness Tests
The final component of the empirical analysis consists of a variety of alternative specifications and tests in order to consider the robustness of the results reported thus far. In the first instance we introduce two additional control variables, namely global stock market returns and trading volume. The global equity market is proxied by the MSCI World index returns   W t , i r and is included in addition to the domestic equity market benchmarks used thus far. The trading volume data is collected from Thomson Reuters Datastream. Consistent with previous studies, we find that 20 trading volume has a substantial time trend. Therefore, in order to ensure that the data is stationary we follow previous studies such as Campbell et al. (1993) u . We augment the mean equation of our baseline GARCH specification as follows:
The results are presented in Table 7 and are broadly consistent with the initial findings that were reported in Table 3 .
The specification that includes the global market returns and volume reveals that changes in the level of the yield curve have a stronger impact on U.S. REITs. We also find no support for the weak significance of the yield curve factors in Japan. Previously they have been reported to have an unexpected positive sign. The lack of statistical significance in Japan is, however, consistent with Yourougou (1990) who reports no significant sensitivity during periods of low interest-rates.
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The second robustness test considers and incorporates into the analysis the impact of two major events during the sample period; namely the 1997-98 Asian Financial Crisis (AFC) and the Global Financial Crisis (GFC) a decade later. We restrict the AFC period from July 1997 until the end of June 1998 in line with Gerlach et al. (2006) and Kho and Stulz (2000) . We follow the Global Financial Crisis (GFC) timeline from Longstaff (2010), who defines the period as being from August 2007 through to December 2008 when the U.S. government started authorising lending through the Troubled Asset Relief Program (TARP). In order to explicitly consider whether either of these events significantly alters our findings we re-specify the GARCH models to incorporate a dummy variable relating to the two crises. This adapted specification can be displayed as follows: 
The equality of the interest rate coefficients during the crisis and non-crisis periods are tested using Wald tests. The estimation results are reported in Table 8 . The specifications (17)-(18a,b) serve as a further check to the initial sensitivities reported in Tables 3 and 4 . The yield curve factors enter the equations alongside interaction dummies.
The estimates of the factors for the non-crisis periods in Table 8 are consistent with what we report for the full sample in Table 3 . Interaction crisis variables add little to the results from the previous sections as they appear to be largely insignificant in explaining public real estate return behaviour. The lack of significance of the interest rate factors during the crisis periods is consistent with Lizieri and Satchell (1997) and Lizieri et al. (1998) who reported no sensitivity in either the U.S. or U.K. to interest rate changes during the periods of high volatility.
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With respect to volatility, the results are largely consistent and mostly support the findings previously reported and discussed. In addition, we find that during the two crises, volatility in Japan and the U.S. are affected by changes in the long-term interest rate factor, whilst in Australia volatility is linked to interest rate volatility. Interestingly, changes in the yield curve level factor have a calming effect on the total risk of public real estate in these three countries. The findings on volatility are supported by the Wald test for asymmetry between crisis and non-crisis periods.
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Concluding Comments
Despite the evident channels through which interest rates can potentially impact upon public real estate, the majority of the existing literature has focused predominantly upon the U.S. REIT sector. This work extends that literature by considering six of the largest global markets. The analysis also extends the literature by considering a range of interest rate factors that more completely capture the dynamics of the yield curve and by focusing on unanticipated interest rate sensitivity. Overall, the results reveal the significance of both short and long-term interest rates factors in explaining the returns of public real estate with the results displaying a high degree of robustness. In line with theoretical expectations, all six markets exhibit significant sensitivity at one time or another. However, we do find that sensitivity does vary across markets and over time. It is however, hard to specify whether any observed variation in the results can be attributed to the legal structure in place. Specifically, the results do not clearly indicate that markets with a REIT regime in place throughout the sample period display heightened sensitivity.
The results do provide important implications for investors' assessment of interest rate risk and sensitivity in public real estate markets, highlighting the importance of interest rates in such markets. Furthermore, in contrast to previous studies which have concentrated on a single interest rate factor, the empirical results also illustrate the importance of considering movements across the entire term structure of interest rates. One area that the paper does not consider is contagion effects in the yield-curve factors in the different markets. One recent paper has considered this issue in the context of the U.S. and Canada (Wong et al. 2011) . This is an aspect that does warrant attention in 23 future research as it would be of considerable interest to explore cross-country dynamics, possibly using the Diebold et al. (2008) framework and include a global yield curve factor in addition to the country-specific yield factors.
1 This table presents descriptive statistics for countries' yields at representative maturities, and each country's yield curve level, slope, and curvature estimated using Equation (1). We use weekly data over the sample period of 1995-2012. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively. This table reports summary statistics for public real estate and general equity indices for six countries. The statistics are estimated over the 1995-2012 period. Summary statistics are also reported for the level, slope and curvature yield curve factors. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively. 
  
with p-values reported in parentheses. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively.
Table 4
Multifactor model with augmented volatility equation 
. The sample period is 1995-2012. t , i r and M t , i r are weekly logarithmic returns on the domestic public real estate and stock market indexes respectively at time t.
,, , denote the unexpected changes in the level, slope and curvature of domestic zero-coupon yield curve respectively, all calculated at time t as the difference between the actual changes in the yield curve level/slope/curvature and ones forecasted via the appropriate specification of the ARMA model.
z is a sequence of independent, identically distributed random variables zero mean and unit variance, implying
is conditionally normal heteroscedastic error term,
is the information set available at time
 is the conditional variance of the public real estate index returns at time t. The volatility equation is interchangeably augmented in two alternative ways using: with p-values reported in parentheses. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively. r are weekly logarithmic price changes on the domestic public real estate and stock market indexes respectively at time t. L, S, and C are the unexpected changes in the yield curve level, slope and curvature, all calculated at time t as the difference between the actual changes in the yield curve level/slope/curvature and ones forecasted via the appropriate specification of the ARMA model. Dummy variables
D ) take the value of one when there is a positive (negative) change in the yield curve factor respectively. The error term using the information set Ω for country i available at time 1  t is conditionally normal and heteroscedastic and expressed as
z is a sequence of independent, identically distributed random variables zero mean and unit variance. The volatility equation is specified as:
Reported are coefficient estimates alongside standard errors in parentheses. The asymmetric effect of the positive and negative interest rate changes is tested using Wald tests of the form
for price changes, and
for the impact on volatility respectively, with 2  -statistics of the tests reported in parentheses. *, **, *** indicate significance at the 10%, 5% and 1% levels, respectively. 
